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1, 1 ntroduction

1 ‘ril]td dipole clcnrmnts  and  their colnldcvnmlt,  linear  slots, arc clclnclltary  radiators that
have found usc in low-pofik  antcmna arrays. 1 ,ow-]ndilc  alltclma  arrays, in addition to their
s]nall size and  low wciglt charactcristim, oflcr the ~mtcntial  adval ItafI;c d low-cost, hig;h-
volumc lndudion  with cmy  intq;raticn]  wit 1] act  ivc illkgrakd  circuit m Iqmmnts.  Such
di]mle and slot dmcnts  lnay 1 m usd in dildc  aI Kl slot scricx+-fd-ty~m  linear arrays  where
line ]osscs must lx! lq)t to a lninilnmn. S~mcifically,  an act ivc K/ K,,-band  antcm  m may
is currcmt]y  UIKICI dmdo]nncni  for IN ASA’S AC’J’S hdobilc ‘1’mllillal  (AM’]’) [1-2]. Satellite
tracking  for the land-lnobi]c  vehicular a]hcnna  systcm illvo]vcs “mcclmnical dit}millg”  of
the antenna, where tlm alltcnna  mdiatcs  a fixd lmam 46° almvc tl]c lmrizon, immslnitting
horizontal polarization] and rcccivillg vcrlical  lmlfirizatiml at 30 and 20 G] Iz, rcslmctivcly.
‘J’hc AM’J’ active  antenna array,  as SIIOWI1 in l~igure 1, is a mnlti-laycmd  asscvnhly in which a
rccci vc army  of radiating  slots and ald tral  Islni t array  of micmstril)  dilmlcs arc il]tcrlcavcd
snch that lky s}mro  the same almturc  to l)rovidc a coln~mct, dual lmId alltcnna.

‘J’lIc sulmIrays  of the almvc antcnm arc lilmr series-fcd-type arrays  consisting of nearly
idmltical di~ mk,  or slot, cloncnts  transvmdy  clcctmnagmt  id y cmq dcd to a microstrip
I,ral)sl])issio])  ]inc. ‘J’hc design of tlm linear smics-fcd-tylm  arrays is acllicvcd usin~;  tralls-
mission lim theory with cqnivalolt  circuit lmdcls for tlm radiatin!;  dmnolIts.  ‘J’hc cknmnt
oflscts ald illtcrdcmc!nt  line lcngt])s  arc usd to obtain  t h e  d e s i r e d  amp]itudc  distribu-
tlio]l  and  b e a m  dircctiml,  rcslmtivdy. Sumlnarizcd  ill tllc folknvil]g  arc t h e  dcsigll  and
test rcsdts  of lmth  a dipdc  and sk)t sc!l’ics-f{!cl-t~’l)c  linear array,  assmnillg  t]w imlx!dmm
clmadcristics  of the radiatin?;  clcnncnts  arc I{ IKMI.

2. ll]tcwclcmm]]t l,inc lmngtlI for l,illcar  Array

Collsidcr  a ‘~syllllllctlictlll  y-fc:(l”  lillmr  di~dc and s lot  arrays  show]) in l~i~;urcs  2 and 4,
rmpcctivc]y,  whcm the s~mcin~;  bctw’cwn ckmmlts  is d and tlIc lcng;lh of tlw illtelcc)l]llcctil~g
transmission lilx! is 1 ? d. ‘1 ‘O dirmt the main bmm at the pro] m’ scalI  allg;k I%, IIymurcd
froln broadside, or nmnal to the antenna, the following ])hasc  rclationsllil)  (using dk’~ tim
dqKDKlcmcc) lmtwccn the dcmmts  slmkl lm sntisfid
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l)ipole l,imar Array  l)csign

III ml wluivalcnt  cimuit  model d a lillc!ar  array  of N scrim-fc!d-tyl)(!  dilmlcs [3], cad dipo]c
i lqn’c!s(!l)ts  a slllmt imp(!dancC!,  Zi = Iii -1 jX~, to tlIe translnissiml  line as show h l“i.gum
3, whmc Xi is a function  of the dildc oflsct, kmglh, and w i d t h . ‘1’lIc translnissiol]  line
is clmractmizd  by its c)mmctcrisl,ic ilnl)(!dmlcc  Zo and  ~mpagatknl  constant  k : ~ - jc?,
whom a is the attenuation constmk.  l’;ac~] dipole  k to 1x2 o~mmtd  at rosonmcc,  such that
Zi : lfi,  whm the dcsimd  value of IL is obtaimd  by sclccthlt; the ap~nopiat,c  ofl’set &i. A
unit  cdl of the array  d length 1, dclmmind  by (2), Imy bc ddind  as shown in l“jgum &
‘1’lIc  voltage  and  cumnlt  on tk trammissim~  lilm of tk! mli t cd aIe given by

(3)

(7)

1 Iviy ,]~i= . . 1 Ivi. ]12 (1 -1 l’],,j.  ](!- ~qz
2 1: 2- 1: - /1 -[ I’],,,_  Ip

(8)

WIK!II  tlm Inain bcatn  dimctioll  is lmmdsidc,  or norlnal,  to t}lc allt,cl]na, 00: 0, ltI s h o u l d
l)c slmcificd  larger thm Zo to  lnaintain  a god i~l]mt  iln]da~lcc  Ilmtch to tlIc array.  lb a
lnail] lmaIII dircctiol] of]’ Immdsidc,  00 :/ 0, 1:] is set qua] to Z. to ln”cvc!nt  r(!flcctiol)s  t ha t
rc!sult  in a second, undcsird  scanld bca]n. 1 t should bc lmtcd  that I,}K! ahovc equation  (8)
accom]ts  for lnultil)lc rdlcctiolls  ml tlw tmmnissioll  lilw, rc.sul  till:; in a ~)mgrcssivc  limsc
shift along; the radiating  dcmcllts Lllat lI(!aIly al)lnoxilnntos  tl]at  slwcifid  by cquatioll  (1).

Slot, l,i]]car Array  lksign



.

.

5.

G.

[1]

[2]

[3]

14]

Wllc!ll  IJlc amplitmlc  distrilmtli(nl,  {1; (i ~ 1, 2, . . . . IV), i,hc tralmlission lim le.lIg;th W, md
1{1 arc slmificd.

ltxpmimc!l]tal  ltmu]ts

A linear, cavity-backed slot array,  unlsisting  of 8 (!lcnm)lts  with all i?hcrdcnmk  s~ming  of
0.4GA0, lm been falmicatd and  tmtd, oImatiTg  at 20 C] IZ with a lnain lwam direction
a]qwoximatcly  40° frmn bmadsido. ‘J’}w slot clmncnts WCIC chamcterizcd  both thmrdical]y
and  cxlxu’imcntally as a function  of d’sd, with Llw cx~mimmltal  c~lalactc:i~jatioll  )x!l.fomd
using ‘J’111,  calibratim]  tdmiqucs. 1 )UC to tllc fact that the clcmmt rcmmnt frequency is
a function  of Of l ’ se t ,  tlm clcmcl]t slots lqglhs  arc all slig;htly  diflcmlt.  SlmLin~; l)im am
usd to sqqnms undesirable cavity  modm. Assl~ow’llj~~l’’jg;~llc7,  goo(li~glcc:]llcl]tl~  ct~vcc]l
pmdidd  and mcasud patterns  wasol)taind. ‘J’otal  10ss il) the dot amay was Itwmurcd
tol)cal)~)r[)xilllz~tcly  - 1.3dll.  (Not cthat  tholossof  asl]iel(lc(l  ~tlic]ostlil)li  llcis]llcas~ll(!(l
to bc a~qmximatcly  -0 .24  dll/&.  ) l~xpmimcntal  r e su l t s  will IM PICSC1lW1  fol a similnl.
lillcals  crics-fe(l-tyl)  (!alla)~()fc  lil)()lcsc)lJ  clatillF;at  30 Gllz.
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